126 The CFT module is derived in large part from the IPCC Tier 1 and 2 methods. The Tier 1 127 inventory method for emissions from livestock is a function of animal numbers (IPCC, 2006), 128 but for beef and dairy cattle and other ruminant species, the IPCC also offers Tier 2 methods 129 to estimate feed requirements as a function of management and production, through which 130 emission factors for enteric fermentation can be refined. The CFT implementation allows 131 options for the user depending on the level of data available and detail required for their 132 assessment. For dairy cows, the tool allows dry matter intake to be estimated as a function of 133 milk production, and the option to correct for fat and protein content. Table 3, we obtained fertilizer use   163 statistics from the IFA (IFA, 2016) , and assumed 2.5 doses of pesticide/herbicide per growing 164 season as an average across crops. These assumptions and coefficients are explicit in the CFT 165 and can be modified by the user to produce a more regionally accurate list of crop emission 166 estimates, even if no specific field level management practice information is available.
167 There is currently no dataset of GHG emissions from feed publically available for North 168 America or organic feed. When available, it will be included in the tool. The results therefore 169 provide an estimate of total absolute feed emissions, but the changes are over the three years 170 are robust, as they reflect the changes in management by the farmers, irrespective of the 171 absolute values. 265 The dry matter intake (DMI) ranged from 40 to 72 g day -1 for pullets and 100 to 190 g day -1 266 for adults.
267
268 Over the 3 years there was, on average, a decrease in emissions from feed production (Table   269 4 ). This reduction was as a result of changes in the components of the feed mix during this 270 period, usually with a reduction in maize.
271
272 The main feed source is maize with around 50% for adult hens and 55% for pullets ( Figure   273 2). Other feed sources are soybean and wheat and -in smaller amounts -calcium supplement, 274 fodder legume and oilseed rape. In this study, the range of standard feed types was limited to 275 that used in the CFT -which provides emission factors for different feed types based on 276 average yield and fertilizer use. These generic data are for global averages of inputs across a 277 broad range of crops and therefore do not consider regional or management based variations 278 in embedded emissions. As embedded emissions in feed are in reality likely to be quite 279 variable in relation to the above, a more regionally disaggregated estimate of inputs for main 280 feed components would be beneficial.
281
282 We therefore repeated our calculations using more recent and regionally disaggregated data 283 (Animalchange: Mogensen, 2013 ). In general, emissions in this database are slightly higher 284 than those in the CFT (Table 4 , Figures 1 and 3 ). For our comparison, the values for Europe 285 were used (Table 3 ) since no data were available for North America, and we considered that 286 this provided the most comparable set of conditions. There is no dataset of GHG emissions 287 from feed available for North America or organic feed; as soon as it exists, it will be included 288 in the tool to give a more specific estimates in such cases. In spite of an observable difference 
302
303 Over the three years in our study, several farms made relatively simple adjustments to feed 304 components. For instance, some suppliers decreased the amount of maize and increased the 305 amount of wheat used in their feed. In North America, wheat is generally grown with lower 306 inputs of nitrogen fertilizer than maize, resulting in a lower emissions intensity (141 kg 307 CO 2 eq per tonne of wheat compared to 271 kg CO 2 eq per tonne of maize). N.B. we do not 308 state that this difference between maize and wheat will always be the case, but this effect 309 highlights the importance of identifying mitigation options which are adapted to farming 310 practices and location. This substitution reduced livestock feed emissions for one farmer by 311 32% and enabled them to achieve overall emissions reductions of 30% since 2010. Similarly, 312 another supplier achieved a 28% reduction in feed-related emissions within the first year by 313 adopting a higher portion of alfalfa, with an emissions intensity of 20 kg CO 2 eq per tonne.
314 The transportation of feed from the field to the mill and from the mill to the poultry farm 315 represents the second most significant source of emissions, after feed production. While some 316 farmers were located in regions amenable to growing feed crops and with organic feed mills 317 nearby, others were reliant on having to transport organic feed long distances by road and rail 318 -sometimes more than 1,600 km. With generally improving trends in vehicle fuel use 319 efficiency it is to be expected that emissions from these sources, although largely beyond the 320 influence of the farmer, will decrease over time. 332 If the farm was growing, the number of pullets was higher relative to the adults. The energy 333 on the farms, needed mainly to provide additional heat in the juvenile phase, was less intense 334 with a larger number of pullets.
335
336 Energy for primary processing included electricity, gas, diesel and propane with energy 337 sources for both field energy use and primary processing, and differed across farms 338 contributing to a range of emissions. Emissions for field energy use ranged from around 0 to 339 0.5 kg CO 2 eq kg -1 egg, and emissions for primary processing were between 0.01 and 0.16 kg 340 CO 2 eq kg -1 egg. There was, on average, a decreasing trend over the three years. Only one 341 farm was able to show a dramatic 48% decrease in primary processing and a 12% reduction 342 in housing energy. Nevertheless the ranking of the farms was preserved and farms with 343 relatively high emissions for primary processing in the first year were still so in year 3. The 344 same result can be seen for the field energy use, and is indicative, that in spite of the efforts 345 of the farmers, some farms had intrinsically higher emissions than others due to exogenous 346 variables, or else were dependent on agricultural and processing machinery that would be 347 costly to replace, meaning that barriers to reduction were high. 363 from transport reflected the distance to the mills or the shops. There is little scope, therefore, 364 for a farmer to change them unilaterally. Lack of availability of local organic feed was a 365 major challenge for some farmers and caused one farm in particular to have more than twice 366 the average transport-related emissions of the others. However, other farms were able to 367 achieve transportation-related emission reductions, with one farm reducing transport 368 emissions by 30% as a result of sourcing a higher percentage of feed more locally. These 369 effects illustrate that the consequences of adhering to ideologies of "organic" and "locally-370 sourced" as proxies for "environmentally friendly" are not always evident, and may indeed 371 lead to contradictory effects. One very significant observation from our case study which 372 perhaps demonstrates the effectiveness of the peer group approach to mitigation, via the use 373 of decision support tools, is that at least two of the farms are now planning to build their own 449 reduce N 2 O emissions, or change of soil management to increase soil carbon (Smith et al., 450 2008) . Also, the transport for feed production can be minimized if the feed can be sourced 451 locally.
452
453 Additional improvements to production processes can bring about significant emissions 454 reductions. For example, that farm that decreased emissions from energy used in its 455 processing facilities by 48% did so by consolidating two buildings and introducing more 456 efficient technology, including simple fixes such as installing skylights for increased heat.
457
458 Emissions were estimated using production practices on surveyed working farms, and a 459 widely employed GHG calculator which has been designed to be usable by farmers. The 460 main findings of the case studies were that (1) there is substantial variability across the farms 461 due to differences in various aspects of management, and (2), a consistent decrease in 462 emissions occurred between Year 1 and Year 3 of the study.
463
464 Overall, our study showed no relation between the GHG emissions per unit product and the 465 farm size (number of animals/ production of eggs). There has been a study by Yue et al. 466 (2017) that showed the effect of the farm scale on GHG emissions with higher emissions for 467 small-scaled farms (< 1000 head) and lower emissions for medium-and large-scaled (> 468 10000 head) farms in China. Such a trend could not be found in this study beside the relation 469 between energy use and number of pullets. 
